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Introduction
During last few years, strongly growing tendency and interest to
 
apply LES-type methods (wall-
 modelled LES, DES) to flows at high-Reynolds number
 
in complex geometries
Even for simple test case, e.g. channel flow at Reτ
 
=395, it is well known that 





of different SGS models can only be done on sufficiently fine mesh 
(Kravchenko
 





Overall observation: Sensitivity of LES results on numerical resolution (temporal and spatial) 
is much larger than for RANS modelling
However: trends how to use LES in industry and research are opposite
increase amount of small-scale geometric details
increase large-scale complexity of the test-cases (e.g., DES/LES of full aircraft, full car) 
But: Question of proper spatial and temporal resolution often not addressed




Remedy: Local mesh refinement
 
in most important regions (boundary layers, free shear layers,…)
Ultimate goal: Automatic grid refinement
 
using single-grid estimators as refinement 
indicators
 
(sensors) to ensure a proper resolution qualitiy
 
of LES
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Numerical method and LES modelling
DLR THETA Code
Unstructured finite-volume solver for flows with small compressibility effects





of convective fluxes using central differencing scheme (CDS)
Time discretization
 
using 2nd order backward differencing formula (BDF-2)
Subgrid-scale models: Smagorinsky
 
model (with van Driest damping),  
WALE model
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Resolution requirements for wall-resolved LES at low Re








































on 64x64x64 mesh, Δx+=39, ∆z+=19.5
Only
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Resolution requirements for wall-modelled LES at high Re
 Turbulent channel flow Reτ
 
= 4800
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Resolution requirements for wall-modelled LES at high Re
 Turbulent channel flow Reτ
 
= 4800
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Idea of single-grid estimator (refinement indicator) for LES
Single-grid estimator as refinement indicator (sensor) to measure the resolution qualitiy













indicates that resolution is not sufficient for node x 
S(x) > s2
 
indicates that resolution is fine enough for node x 
First conceptual proposal of indicator for resolved turbulent kinetic energy by Pope 
(2000)
First operational proposals for indicator by Celic
 
(2005), Klein (2005): Both the 
contribution of SGS model and the numerical error are considered.
Present approach: Consider only contribution of resolved scales and subgrid
 
scales 
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Single-grid estimators for LES
Refinement indicator (sensor) to measure the resolution qualitiy
 
of the LES
Indicator for resolved turbulent kinetic energy
 
based on idea by Pope (2000)
Scale similarity assumption used for the subgrid
 
scale turbulent kinetic energy
Note: So far no special treatment of the filtering operator near walls and no study of the 
role of the specific filter function
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on 64x64x64 mesh, Δx+=39, ∆z+=19.5
Only
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= 1.75, meshes: 64x24x64, 96x24x96, 128x24x128
Only
 





























































































































































































































































indicates that resolution is insufficient for control volume at x
S(x) > s2
 
indicates that resolution is fine enough for control volume at x 






































































































































































































Blending between sensor based on sensor based on resolved shear stress (in 
regions of attached BLs) and resolved turbulent kinetic energy (else)
Application of refinement indicators to testcases
 
of larger complexity
Use refinement indicators for automatic grid refinement for LES
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of <v‘2> and <w‘2>
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Combination
 
with
 
indicator
 
of resolved
 
turbulent shear
 
stress 
Not very
 
clear
 
indication
 
of improved
 resolution
 
in region
 
of free-shear
 
layer
and recirculating
 
flow
Sensor indicates
 
an increased
resolution
 
of turbulent shear
 
stress 
in the
 
attached
 
boundary
 
layer
Mesh
 
refinement
+ -
Sensor of resolved
 
turbulent shear
 
stress suitable
 
for
 
attached
 
boundary
 
layers
but
 
not
 
for
 
regions
 
of free-shear
 
layers
 
and recirculating
 
flow

 
Combination
 
of both
 
sensors
 
for
 
operational single-grid
 
estimator
